Energy storage has become an ever-more relevant field of research in recent years, as (hybrid) electric vehicles, grid energy-storage and portable electronics have become increasingly important. 1, 2 Since the commercialization of rechargeable Li-ion batteries by Sony in 1991, they have become the most widespread type of energy storage in portable devices due to their high energy densities and minimal selfdischarge. 3 However, there are some concerns about the availability of supply and the associated cost of lithium, 4 as demand for Li-ion batteries (LIBs) continues to rise. Especially for stationary applications, such as grid storage, Na-ion battery (NIB) technology has been gaining interest both in academic and commercial research because of its high natural abundance and widespread availability in seawater. 5 Expertise from LIB research can be readily transferred to NIBs, thereby accelerating progress. 6 Possible active materials for NIB negative electrodes include hard carbons, 7, 8 alloying materials such as Sn/carbon composites, 9, 10 conversion materials such as NiCo 2 O 4 , 11 as well as titanium-based insertion materials. The various polymorphs of TiO 2 have received a great deal of attention, including amorphous nanotubes, 12, 13 TiO 2 (B), 14, 15 rutile, 5 Nb-doped, 16 N/S co-doped, 17 as well as undoped anatase TiO 2 . 4, 6 One of the disadvantages of LIBs and NIBs is their typically inferior performance at high power compared with supercapacitors. Therefore, for applications such as regenerative braking, which require the ability to store charge rapidly, electrochemical double layer capacitors (EDLC) are considered promising. 18 In EDLCs, charge is built up at the electrode/electrolyte interface by the movement of solvated ions in the electrolyte to the surface of the electrode of the opposing charge. The main issues with EDLCs, however, are their limited energy densities and rapid self-discharge, 19 which could be mitigated by developing hybrid electrochemical capacitors (HECs), which employ a combination of an EDLC electrode (typically made of high surface area carbon) and a battery-type electrode.
During the charging of a Na-ion hybrid electrochemical capacitor (Na-HEC), sodium cations are inserted into the active material in the anode, whereas anions (often hexafluorophosphate) are adsorbed onto the active carbon in the cathode. [PF 6 ] − desorption and Na + extraction are observed during discharge. 20 In contrast to metal-ion batteries, in HECs there are symmetrical driving forces for cations and anions to migrate to opposite electrodes during charge and discharge. 21 Therefore, concentration gradients are reduced, and better high rate performance is to be expected in Na-HECs compared to NIBs. 22 The ideal case would be to develop HECs that can deliver both high power and energy densities simultaneously.
Various TiO 2 polymorphs have been shown to exhibit extrinsic pseudocapacitive behavior in Na-ion half cells, including amorphous nanotubes, 12 anatase TiO 2 /TiO 2 (B)-graphene composites, 14 and anatase TiO 2 mesocages. 23 The surface or near-surface, faradaic, highly-reversible redox reactions which are the basis of extrinsic pseudocapacitance allow for much faster charge storage than diffusion-controlled intercalation processes, therefore enabling faster charge/discharge. 24 When materials such as TiO 2 are nanosized, diffusion occurs only on very short distances, 25 and once crystallite size falls below a critical limit, surface sites to accommodate Li + or Na + become available for fast faradaic reactions in a range of energies. 24, 26 This has been described as the surface of the nanomaterial acting as solid-solution host for Li-ion insertion, 27 and can equally be expected for Na-ion storage. Thus, nano-titania based materials could be suitable as active materials for anodes in Na-HECs. Na-HECs with activated carbon positive electrodes have previously been constructed using a variety of anodes, including NiCo 2 O 4 , 28 sodium titanate nanotubes, 29 and Na 4 Mn 9 O 18 .
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The heterometallic doping of TiO 2 with cations of a higher valence than Ti(IV) has previously been reported to improve the performance of anatase in energy storage applications. The electronic conductivity was expected to improve with the inclusion of Mo 6+ or Nb 5+ in the crystal lattice, 31, 32 via the introduction of conduction band electrons, oxygen defects, and titanium vacancies. 33 In contrast, hydrogenation has been used to reduce the valence state of titanium in TiO 2 to Ti(III) to introduce oxygen vacancies, but the improvements in electrochemical performance and electronic conductivity were limited. 34 Both Mo-doping and Nb-doping have been shown to improve the electrochemical performance of anatase for energy storage applications via the expansion of the lattice. 16, 31, 32, 35 Nb-doped anatase has previously been investigated as a transparent conductive oxide due to its high electrical conductivity. 36 Herein, we demonstrate that doped TiO 2 nanoparticles synthesized via a highly scalable continuous hydrothermal flow process can be used as active materials for negative electrodes both in NIBs as well as high-performance Na-HECs. Because of higher pseudocapacitive charge storage contributions (observed from scan rate testing), electrodes using either Mo-doped or Nb-doped TiO 2 performed significantly better than the undoped equivalent at high charge/discharge rates in Na-ion half-cells and Na-HECs.
Experimental
Synthesis.-Nano-sized TiO 2 , molybdenum-doped TiO 2 and niobium-doped TiO 2 were synthesized using a continuous hydrothermal flow synthesis (CHFS) process, which has previously been described by some of the authors at both the pilot 37 and lab scales. [38] [39] [40] A schematic of the reactor can be found in the Electronic Supplementary Information (ESI, see Figure S1 ). The CHFS process involved the mixing of a feed of supercritical water and a second ambient temperature flow of aqueous metal salts (precursors for the materials) inside a patented co-current Confined Jet Mixer (CJM) made from off-theshelf Swagelok parts. 38 The instant mixing under extreme conditions results in the formation of high surface area metal oxides. The simplified general synthetic route as described in the literature involves a set of reactions including the hydrolysis and dehydration of metal salts. 38 This neglects the decomposition of anions and multiple complex steps involved in the hydrolysis, but it can serve to illustrate the simplified synthetic route.
The synthesis of all three materials has been described previously by the authors. 32, 35 The synthesis conditions for the three samples can be found in Table I . The CHFS residence time was ca. 5 seconds for all samples. Details for the method of clean-up and freeze-drying can be found in the Electronic Supplementary Information (ESI). The assynthesized, freeze-dried powders were used without further treatment and were obtained as free flowing powders.
Physical characterization.-Powder X-ray diffraction (PXRD) patterns in a 2θ range of 10 to 40
• were collected with a step size of 0.5
• , and a step time of 20 s on a STOE StadiP diffractometer using Mo-Kα1 radiation (λ = 0.7093 Å).
High-resolution transmission electron microscopy (TEM) using a JEOL JEM 2100 -LaB 6 filament was used to determine size, interlayer spacing, and particle morphology. A Gatan Orius digital camera was used for image capture of the samples, which were pipetted onto a 300-mesh holey carbon copper film grid (Agar Scientific, Stansted, UK). Energy dispersive X-ray spectroscopy (EDX) was performed on the same JEOL JEM 2100 and used for the elemental analysis of the samples.
The valence states of the metal ions were determined using X-ray photoelectron spectroscopy (XPS) collected on a Thermo Scientific K-alpha spectrometer using Al-Kα radiation (λ = 0.8340 Å). Highresolution regional scans for Ti, Mo and Nb were conducted at 50 eV. Processing of the XPS data was performed using CasaXPS software (version 2.3.16) by calibrating the spectra using the C 1s peak at 284.8 eV.
Raman spectroscopy was performed using a HORIBA-JY T64000 triple monochromator with a 1800 gr mm −1 grating. An Ar + laser was used as excitation source for the 514.5 nm emission with a power of 5 mW.
Characterization of the texture of the materials was carried out using a Micrometrics Tristar II. The nitrogen adsorption and desorption isotherms were recorded at 77 K (liquid N 2 ). The Brunauer-EmmettTeller (BET) method was used to calculate the specific surface areas of the materials and the pore size distributions were determined from the adsorption branch of the isotherm using the Barrett-Joyner-Halenda (BJH) method.
The tap density of the as-synthesized powders was determined by filling powder (2.00 g) into a graduated measuring cylinder (10.0 mL), followed by tapping it vertically on a bench 300 times by hand.
Electrochemical characterization.-The negative electrodes were prepared by mixing active material (doped or undoped TiO 2 ) with a binder (polyvinylidene fluoride, PVDF, PI-KEM) and a conductive carbon (Super P, Alfa Aesar) in a ratio of 80:10:10 wt%. A 10 wt% solution of PVDF in N-methyl-2-pyrrolidone (NMP, Sigma Aldrich) was prepared using a magnetic stirrer and then mixed by hand with the conductive carbon and the active material and further NMP (ca. 2.5 mL) was added to give a viscous slurry with a solid content of ca. 20 wt%. The slurry was ball-milled at 800 rpm for 1 hour to give a consistent ink, before the ink was cast on 15 μm aluminum foil (PI-KEM). The electrode sheets were dried on a hotplate at ca. 150
• C for 10 minutes until dry and then left to further dry overnight at room temperature. All electrodes were dried overnight under vacuum at 60
• C before being introduced into an Ar-filled glove box for cell assembly. The active mass loadings of the negative electrodes were in the range 1.2 to 1.6 mg cm −2 . The thickness of the dried negative electrodes was in the range 35 and 45 μm.
Activated carbon positive electrodes were prepared as previously described by the authors. 35 In short, activated carbon active material (YP50F, Kuraray Chemical Co., Japan), carbon black (Super P) and PVDF (8 wt% solution in NMP) were mixed in a Buhler (Buhler Holding AG, Switzerland) high torque mixer for several hours. The ratio of active material to binder to conductive carbon was 87:8:5 wt%. The resulting ink was coated on a Megtec reel-to-reel coater in comma bar setup and passed through a three-phase oven for drying. Further drying under vacuum at 120
• C for 12 hours then removed residual solvent and water. The mass loading of the positive electrodes was ca. 4.5 mg cm −2 . The galvanostatic and potentiodynamic testing of the different TiO 2 anodes or AC cathodes in Na-ion half-cells versus metallic sodium were performed in CR2032 coin cells using a 48-channel Arbin battery tester (Model BT-2000, Caltest Instruments Ltd, Guildford, UK), at a room temperature of ca. 20
• C. All testing of NaHECs was carried out in 2-electrode Swagelok-type cells on a Gamry Interface 1000 instrument (Gamry Instruments, Pennsylvania, US). The cells were assembled in an Ar-filled glove box with O 2 and H 2 O limited below 1 ppm. Whatman GF/D glass microfiber filters (Buckinghamshire, UK) were used as separator and drenched with an electrolyte (1 M NaPF 6 in 1:1 wt% ethylene carbonate/diethyl carbonate, BASF). For the half-cells, Na metal (Goodfellow Ltd) was used as counter electrode, whereas for the Na-HECs, the doped or undoped TiO 2 electrodes were used as negative electrodes, whilst the AC electrodes were used as positive electrodes. For the TiO 2 electrodes, half-cell tests were carried out in the potential window of 0.1 to 3.0 V vs. Na/Na + at specific currents in the range of 0.1 to 10 A g −1 . The AC electrodes were tested in the potential window 2.5 to 4.0 V vs. Na/Na + at specific currents in the range of 0.1 to 10 A g −1 . Cyclic voltammograms (CVs) for the half-cells were recorded in the potential window of 0.1 to 3.0 V vs. Na/Na + for the negative electrodes and of 2.5 to 4.0 V vs. Na/Na + for AC electrodes, at scan rates in the range 0.2 to 5.0 mV s −1 . Self-discharge testing was carried out by cycling half-cells in the potential window 0.1 to 3.0 V vs. Na/Na + at a specific current of 0.5 A g −1 for 9 cycles, after which the cells were left to rest under OCV conditions in their fully sodiated state for 30 h and then charge/discharge cycling was resumed. Galvanostatic Electrochemical Impedance Spectroscopy (EIS) was carried out in coin cells on a Gamry Interface 1000 instrument, in frequency range 500 kHz to 50 mHz with an AC current of 0.01 A rms.
For the Na-HECs, the CVs were performed at scan rates in the range 5 to 100 mV s −1 in the potential windows of 0.0 to 3.0 V, and 1.0 to 4.0 V, on two-electrode cells. Cyclic charge/discharge measurements were performed in the current density range of 0.5 to 20 mA cm −2 , based on the surface area of the anode (equivalent to ca. 0.1 to 4.5 A g −1 , based on the mass of active material in both cathode and anode). The estimated mass of active material in each electrode required for balancing of charge was determined from the results of galvanostatic half-cell measurements as described in the ESI. However, this meant that an optimized mass balance was only achieved at one specific charge/discharge rate, because the correlation between capacity and specific current differed significantly between the "battery-type" anode and double-layer capacitor cathode.
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Results and Discussion
Physical characterization.-After the continuous hydrothermal flow synthesis and subsequent freeze-drying of the wet solids, the nanopowders were collected with >90% yield (losses were due to unoptimized clean-up). The tap densities of the as-collected powders were 1.17, 1.32 and 1.27 g cm −3 for undoped TiO 2 , Mo 0.1 Ti 0.9 O 2 , and Nb 0.25 Ti 0.75 O 2 , respectively. The amounts of dopants were in line with previous work for anodes in Li-ion anodes, in which they were shown to lead to improved performance. 32, 35, 39 The dopant concentrations were selected because a concentration of 20 mol% of niobium precursor salt in the synthesis via CHFS was the highest dopant concentration that avoided the formation of a secondary phase (solid solubility limit in anatase). Half of that concentration (10 mol%) of molybdenum precursor salt was used to account for the fact that the difference in valence state between Ti 4+ and Mo 6+ was twice as high as the difference between Nb 5+ and Ti 4+ . The BET specific surface areas and pore size distributions of the samples were calculated from the N 2 physisorption isotherms shown in Figure S2 (see ESI). The measured specific surface areas of the nanomaterials did not differ significantly between samples, and were 233. 3 Structural information on the materials was gained via powder XRD and Raman spectroscopy. PXRD patterns for all as-prepared powders have been reported elsewhere, 35 and can be seen in Figure  S3 (see ESI). The patterns were in good agreement with JCPDS reference card no. 071-1167 (corresponding to phase pure anatase with The Raman spectra of the materials are shown in Figure 1a . For undoped TiO 2 , peaks were observed at 149 (E g ), 198 (E g ) 398 (B 1g ), 516 (B 1g +A 1g ), and 644 cm −1 (E g ), and were in good agreement with the expected six Raman-active modes for anatase. 45 No peaks ascribed to rutile TiO 2 , or niobium or molybdenum oxides, were observed in any Raman spectra. Upon doping titania with either Nb 5+ or Mo 6+ , the main peak at 149 cm −1 was shifted to slightly higher wavenumbers, which could indicate a change in the O-Ti-O bending vibration, which was consistent with previously reported work on Nb-doped anatase. 46 Changes in the anatase peak positions and intensities can be related to a number of factors which could include both particle size 47 and dopants. The peak width of the E g peak at 149 cm −1 also increased for the doped samples, which has previously been ascribed to the formation of Nb-O-Ti and Mo-O-Ti bonds. 48 The shift to lower wave numbers and increased intensity of the E g peak at 644 cm −1 could be explained by the formation of Nb-O and Mo-O bonds. 48 The valence states of the metal ions were determined by highresolution XPS. The Ti2p level binding energies were nearly identical for all samples at ca. 459.2 and 465.0 eV for Ti 2p 3/2 and Ti 2p 1/2 , respectively (see Figure 1b) . These binding energies, with a spinorbital splitting of ca. 5.8 eV, were in good agreement with the core levels of Ti 4+ . For the doped samples, only a minimal shift to higher binding energy levels was observed. This, along with the unchanged symmetry of the peaks, indicated that no reduced titanium species were present after doping. 45 For the Mo 0.1 Ti 0.9 O 2 sample (see Figure  1b inset Transmission electron microscopy revealed that particle morphology and size did not differ significantly between undoped and doped TiO 2 samples (see Figure 2) . Average particle sizes were ca. 5 nm for all samples. The interlayer spacing of 0.35 nm corresponding to the (101) interplanar distances of anatase was observed for all samples (see Figures 2a, 2d, 2f) . Energy-dispersive X-ray spectroscopy found homogenously distributed dopant ions in the anatase particles and showed ca. 25 at% Nb 5+ and 10 at% Mo 6+ ions in the respective doped anatase samples (see Figure S4 ).
Electrochemical characterization of Na-ion half-cells.-The sodium-ion storage properties of the individual electrodes, including the AC positive electrodes, were separately evaluated in Na-ion half-cells (vs. Na-metal) before construction of Na-HECs. The AC positive electrodes showed the expected capacitive behavior in cyclic voltammetry at a scan rate of 0.2 mV s −1 , resulting in nearly rectangular voltammograms (see Figure 3a) . At a moderately high specific current of 0.2 A g −1 , AC electrodes showed a specific capacitance of ca. 62 F g −1 (see Figure 3b ). Cyclic voltammograms of Na-ion half-cells at different scan rates for the various TiO 2 samples were used to examine the intercalation and pseudocapacitive charge storage behavior of the electrodes (see Figure 4) . At a scan rate of 0.2 mV s −1 , the cathodic and anodic peaks appeared at ca. 0.5 and 1.0, 0.5 and 0.9 as well as 0.5 and 0.9 V vs. Na/Na + , for TiO 2 (Figure 4a Figure S5a) . Whilst it was difficult to determine the precise position of the cathodic peak (Na + insertion) for the Nb-doped sample at higher scan rates (e.g. 5 mV s −1 ), the position of the anodic (Na + extraction) peak shifted the most for the undoped sample (to ca. 1.75 V vs. Na/Na + ), whilst those for both the Mo-doped and Nb-doped samples also shifted to significantly higher potentials (to ca. 1.55 and 1.25 V vs. Na/Na + , respectively). This could indicate less favorable sodium-ion kinetics due to mass transport limitations in the undoped sample. 50 At the high scan rates, the peaks broadened significantly, and voltammograms became more rectangular, akin to the profile expected for materials exhibiting extrinsic pseudocapacitive charge storage properties. 27 The specific peak currents observed for the doped samples were significantly higher at faster scan rates, indicating better charge storage at higher rates (Figure 4d) .
A smaller increase in peak separation for the doped samples indicated less dependence on mass transport-limited redox reactions.
14 To better understand the average overpotential at different scan rates, the average potentials vs. Na/Na + of sodiation and desodiation were determined from capacity/voltage plots at different scan rates and plotted in Figure S5b (see supplementary information) . This showed that the difference between average sodiation and desodiation potentials in a range of scan rates of 0.2 to 5.0 mV s −1 was consistently lower for the doped samples than for the undoped TiO 2 , which was in line with the lower overpotentials determined from galvanostatic charge/discharge cycling at varying specific currents (see Figure S7) .
The Randles-Sevcik method (see ESI) was used to calculate apparent Na-ion diffusion coefficients for both anodic and cathodic redox processes from anodic and cathodic peak currents, respectively, for all samples in Na-ion half-cells. The apparent specific sodium ion 2 , respectively. Because of the faster nature of pseudocapacitive charge storage compared to charge storage via diffusion-limited intercalation, these results indicated superior rate behavior for the two doped samples. 14, 20 This was also in good agreement with previous findings for these nanomaterials in Li-ion half-cells. 32, 35 The specific capacities at various current rates for all samples in Na-ion half-cells were plotted in Figures 5a and 5b Figure S6) . The high-frequency intercept with the real impedance axis, which was a measure of the solution resistance for the cells (but especially the electrolyte and separator), was similar in all samples due to the consistent test conditions (6 to 7 ). The charge transfer resistances were significantly lower for the two doped samples (but especially for Nb 0.25 Ti 0.75 O 2 ) than for undoped TiO 2 , as previously observed for Nb-doped anatase. 16 The peak of the high-frequency semicircle, which gave an indication of electrode impedance, was at significantly lower impedances for the doped samples (at ca. 27 ) than for the undoped TiO 2 (at ca. 62 ). This was in good agreement with previous findings for Nbdoped TiO 2 in Li-ion half-cells. 32 It was also in line with trends in Na-ion diffusion coefficients between the doped and undoped samples. The diffusion coefficients in the solids was calculated using the Warburg impedance coefficients (σ warburg ) obtained during fitting in Where D is the diffusion coefficient, R the gas constant, T the absolute temperature, A the area of the interface between electrode and electrolyte (simplified as the geometric area of the electrodes), F Faraday's constant, and C the concentration of Na-ions in the electrolyte. 53 The discrepancy of diffusion coefficients determined via EIS and CVs was ascribed to the fact that the real geometric area of the electrode depended on the surface area of the electrode materials, and that the change in local ion concentration in the electrolyte upon cycling was ignored. 53 The charge/discharge curves for all samples in Na-ion half-cells revealed no plateaus, at any specific current (see Figure S7a , S7b and S7c). This indicated that there was no two-phase intercalation reaction. Because of the small size of the nanoparticles, they showed a reduced (or no) miscibility gap when accommodating Na + into their structure (see Figure S7d) . Similar profiles have been observed for other TiO 2 nanoparticles in the literature. 4, 6, 12 Also described as extrinsic pseudocapacitance, it occurred only due to electrode/material design (nanosizing), and was a result of diffusion only happening on very short distances. 25 This has previously been shown in Li-ion half cells; once a critical crystallite size was reached, a number of surface sites became available for Li + accommodation in a range of energies via fast faradaic reactions. 24, 26 This has been described as the nanomaterial's surface acting as a "solid-solution host" for Li-ion storage, as the free energy of the surface changes with the concentration of Li-ions on the surface, leading to a sloped charge/discharge profile. 27 This critical crystallite size for solid-solution host behavior has been demonstrated, amongst others, for LiCoO 2 , 54 and TiO 2 . 55 Due to the comparable behavior of the samples in this study, their surface can therefore be interpreted as "solid-solution surface hosts" for Na-ions. This behavior can only be achieved in nanoparticles because of the high available surface area.
The charge/discharge profiles revealed superior charge storage properties for the doped samples compared to the undoped TiO 2 electrodes. This combined with the lower peak separation for the doped samples found in the cyclic voltammograms showed the beneficial effect of doping anatase on Na-ion storage behavior. This was supported by the average potential difference between sodiation and desodiation in half-cells, which increased from ca. 0.5 V for Mo 0.1 Ti 0.9 O 2 and Nb 0.25 Ti 0.75 O 2 at 0.1 A g −1 , to 1.7 V at 5.0 A g −1 . The potential difference was higher at all specific currents for undoped TiO 2 (0.6 and 1.9 V at 0.1 and 5.0 A g −1 , respectively). Potential step chronoamperometry of the Na-ion half-cells revealed similar profiles for all samples, with currents during sodiation significantly higher for a potential step from 0.8 to 0.1 V vs. Na/Na + than at higher potentials, and currents significantly higher for a potential step from 0.8 to 1.5 V vs. Na/Na + for the desodiation than at lower potentials (see Figure S8a , S8b, S8c, and S8d), which was in line with the observations on average sodiation and desodiation potentials.
A self-discharge test for the Na-ion half-cells was carried out with a self-discharge step (monitoring of OCV) of 30 h. Self-discharge over this time was calculated to be 20% of discharge capacity for Mo 0.1 Ti 0.9 O 2 and 22% for both TiO 2 and Nb 0.25 Ti 0.75 O 2 . This was a less pronounced fall in capacity than has previously been observed for carbon anodes in Na-ion half-cells. 56 The fall in Coulombic efficiencies due to self-discharge showed similar values for all samples. However, there was no appreciable irreversible self-discharge for any sample, both discharge capacities and Coulombic efficiencies regained previous values on the next discharge (see Figure S9a ). There was little noticeable difference in the discharge curves for the samples between the 9 th (last cycle before self-discharge step) and the 11 th cycle (first cycle after self-discharge step) for all samples (see Figure S9b ).
Electrochemical characterization of Na-ion hybrid electrochemical capacitors.-Because of their promising charge storage behavior in Na-ion half-cells, especially at high current rates, the Mo 0.1 Ti 0.9 O 2 and the Nb 0.25 Ti 0.75 O 2 electrodes were used in Na-HECs with activated carbon (AC) cathodes. The non-optimized mass ratio of active material in the negative and positive electrodes was ca. 1:4, determined from the charge stored by both individual electrodes (see Supplementary Information and Figure S10 ). This was in line with previous work on Li-HECs, 35 and was supported by charge/discharge measurements for both AC and doped TiO 2 samples in their active potential range (see Figure S11) .
The electrochemical performance of the Na-HECs was studied using galvanostatic charge/discharge measurements. The cell specific capacitance was calculated using Equations 2 and 3:
V = E max − E min [3] Where I was the charge current (A), t was the discharge time (s), V was the potential window (V), and m was the mass of active material in both the anode and cathode (g). E max and E min were the potentials at the beginning and at the end of the discharge cycle.
The Na-HECs were cycled in the ranges 0.0 to 3.0 V and 1.0 to 4.0 V in the current density range 0.5 to 20 mA cm −2 , which was equivalent to specific currents in the range of ca. 0.1 to 4.5 A g −1 , based on the mass of active material in both anode and cathode. Because of the lower sodiation and desodiation potential vs. Na/Na + compared to lithiation and delithiation potentials vs. Li/Li + for TiO 2 , cycling a Na-HEC up to as high as 4.0 V was possible (see Figure  S11) . 57 This compares favorably to the upper potential for Li-HECs, which are typically only cycled to 3.0 V because of the higher electrochemical potential of TiO 2 vs. Li/Li + . Because sodiation activity of TiO 2 began at ca. 1.5 V vs. Na/Na + , whereas AC can be active as positive electrode >2.5 V vs. Na/Na + , there is very limited charge storage to be expected in the potential window of 0 to 1 V. This might explain limited performance for some capacitors previously reported. 28 For reference only, the cycling data for Na-HECs cycled in the range 0.0 to 3.0 V can be found in the ESI (see Figure S12) .
The charge/discharge profiles of the Na-HECs at current densities of 0.5, 1, 5, 10 and 20 mA cm −2 are shown in Figures 6a and 6b . The curves at all current densities deviated slightly from the expected triangular shape for purely electric double-layer capacitors as has previously been observed for Na-HECs, 28 and been attributed to fast faradaic reaction in the anode. 29, 30 This was as expected, because a combination of faradaic and non-faradaic charge storage mechanisms were active for such a redox-pseudocapacitor type anode and EDLCtype cathode. 58 During charging, faradaic reactions of sodium cations with TiO 2 and hexafluorophosphate anion adsorption onto the active carbon in the positive electrode were expected, whereas discharge was expected to result in PF 6 − desorption and Na + extraction from TiO 2 .
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The specific discharge capacitances for Na-HECs containing Nb 0.25 Ti 0.75 O 2 /AC were 24, 20, 16, 13 and 11 F g −1 (ca. 20, 17, 11, 9 and 6 mAh g −1 , respectively) at current densities of 0.5, 1, 5, 10 and 20 mA cm −2 , respectively (see Figure S13c ). The specific capacitances for the Mo 0.1 Ti 0.9 O 2 /AC Na-HECs were slightly higher than those for the Nb-doped sample, with specific capacitances of 26, 21, 16, 15 and 13 F g −1 (22, 17, 11, 9 and 6 mAh g −1 ) at current densities of 0.5, 1, 5, 10 and 20 mA cm −2 , respectively (see Figure  6c) . The Coulombic efficiency in the 10 initial cycles at 0.5 mA cm −2 was between 80 and 90%, probably due to the formation of SEI, but rose quickly to 99% at 5 mA cm −2 . In good agreement with the results from measurements in Na-ion half cells, the Na-HECs using undoped TiO 2 active material performed significantly worse than those using the doped samples, with specific capacitances of 14, 8 and 3 F g −1 (12, 7 and 2 mAh g −1 ) at current densities of 0.5, 1, and 5 mA cm −2 , respectively (see Figure S13a and S13b).
The cyclic voltammograms of the Na-HECs showed profiles that resembled the optimal (rectangular) form for a capacitor, but also a mixture of the separate electrode profiles (see Figure S14b , S14c, and S14d). At high scan rates, there were more distinctive peaks, as previously observed for similar devices. 59, 60 This indicated imperfect anode/cathode active mass balancing for higher scan rates. The cyclic voltammograms for Na-HECs were also used to calculate the specific capacitances of the devices (C cell ) at different scan rates using Equation 4:
Where q was the charge (C), V was the potential window (V) and m was the mass of active material in both the anode and cathode (g). These results were in good agreement with the capacitances calculated from galvanostatic charge/discharge measurements above. Modoped TiO 2 Na-HECs showed the highest capacitance of 30 F g −1 at 5 mV s −1 (see Figure S14a , equivalent to 25 mAh g −1 ), whilst the capacitance of the capacitor using Nb-doped TiO 2 as anode material was 27 F g −1 (equivalent to 22 mAh g −1 ). The Mo 0.1 Ti 0.9 O 2 /AC NaHECs also retained capacitance well, showing a capacitance of ca. 13 F g −1 (10 mAh g −1 ) compared to ca. 14 F g −1 (11 mAh g −1 ) at a scan rate of 100 mV s −1 for the Nb 0.25 Ti 0.75 O 2 /AC Na-HEC, and just 23 and 6 F g −1 for TiO 2 /AC Na-HECs at 5 and 100 mV s −1 , respectively. However, the Mo 0.1 Ti 0.9 O 2 /AC Na-HEC also showed a rapid decline in capacitance with increasing scan rate, similar to the TiO 2 /AC Na-HEC. This could have been a result of less perfect active mass balancing due to the difference in charge-dependence between anode and cathode. More significant SEI formation could also have played a role.
When Na-HECs were cycled at 10 mA cm −2 , the specific capacity was most stable for Mo 0.1 Ti 0.9 O 2 /AC Na-HEC after 3000 cycles with high Coulombic efficiencies (>99% initially, falling to >98.5%, which was higher than at lower current densities reported above, due to limited SEI formation) as shown in Figure S13d . The Nb 0.25 Ti 0.75 O 2 /AC Na-HEC showed a specific capacitance retention of ca. 75% (see Figure 6d) . This was similarly stable as some previously reported Na-HECs such as NiCo 2 O 4 /AC, 28 Na-titanate/AC, 29 or N-doped TiO 2 /AC. 57 Energy density (E) and power density (P) were calculated using Equations 5 and 6: P = V (I/m) [5] E = P (t/3600) [6] V was the average potential during discharge calculated from the discharge curves, I was the current (A), m was the mass of the active materials in both anode and cathode (kg) and t was the discharge time (s).
Mo 0.1 Ti 0.9 O 2 /AC Na-HECs delivered the highest observed energy density of 60 Wh kg −1 at a power density of 350 W kg −1 (see Figure  7) . They also retained energy density best at higher power densities and showed energy densities of 31 Na-ion (hybrid) capacitors were added to the Ragone plot in Figure 7 . This demonstrated the excellent performance of the NaHECs presented herein compared to similar devices.
Conclusions
Titania nanoparticles doped with either niobium or molybdenum were synthesized via continuous hydrothermal flow synthesis and studied as active materials for anodes in Na-ion batteries and Na-ion hybrid capacitors. The high surface area of the nanomaterials allowed near-surface pseudocapacitive charge storage, and higher sodium-ion diffusion coefficients in the doped samples led to notably higher specific capacities at high specific currents compared to undoped TiO 2 .
Mo 0.1 Ti 0.9 O 2 electrodes in Na-ion half-cells showed specific capacities of >150 mAh g −1 after 10 cycles at 0.1 A g −1 , whereas at 1 A g −1 , the specific discharge capacities were still high at ca. 75 mAh g −1 for both doped samples, which was more than double that of undoped titania electrodes under the same conditions. Because of the excellent charge storage properties at high applied currents, Na-ion hybrid electrochemical capacitors using doped titania negative electrodes and activated carbon positive electrodes were produced. The Mo 0.1 Ti 0.9 O 2 /AC Na-HECs showed the highest observed energy densities of 60 Wh kg −1 at a power density of 350 W kg −1 and performed the best at the highest power density of 10650 W kg −1 , at which it still showed an energy density of 13 Wh kg 28 AC/Natitanate, 29 Na-ion batteries and Na-HECs. The high surface area of these materials and consistent doping at high concentrations played an important role due to the importance of surface-near charge storage in both Liion and Na-ion applications. As the CHFS method is highly scalable, it should be possible to manufacture larger devices; the results of these efforts will be reported in due course.
